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Abstract 
Visualisation of the internal structure of biological media can be performed utilizing projection method with the use of ultrasonic
waves (using analogous for X-ray imaging methods). During this study a pair of multielement ultrasonic probes (sending and 
receiving) was designed and constructed in the form of matrices of a number of small elementary transducers intended for 
projection imaging of biological media in orthogonal projection. Moreover, the probes' design was presented and their basic 
parameters were measured. The results obtained confirm that the designed probes are suitable for projection imaging of 
biological media with the use of scanning method through switching of the right pairs of sending and receiving elementary 
transducers. 
PACS: 43.38.Ar; 43.38.Hz; 43.35.Wa 
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1. Introduction 
Visualisation of the internal structure of biological media can be performed utilizing projection method with the 
use of ultrasonic waves (similarly to röntgenography) [1-5]. As a result of the specific structure of sending and 
receiving ultrasonic probes and the phenomena occurring during propagation of ultrasonic waves in a biological 
media imaging using ultrasonic projection method has many application limitations in comparison to RTG imaging. 
Nevertheless, it is a non-destructive, non-invasive and safe method. 
Visualisation of the internal structure of biological media submerged in water can be performed in orthogonal 
projection with the use of a couple of multielement ultrasonic probes in the form of flat, rectangular matrices of 
small elementary ultrasonic transducers [6,7] (Fig.1). During this study a pair of multielement ultrasonic probes 
(sending and receiving) was designed and constructed in the form of matrices of a number of small elementary 
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transducers intended for projection imaging of biological media in orthogonal projection. Moreover, the probes'
design was presented and their basic parameters were measured.
Fig.1  The method of visualisation of biological structure with the use of parallel ultrasonic projection (orthogonal projection).
2. Multielement ultrasonic probes 
2.1. Design
When designing multielement probes it is vital to achieve compromise between their resolution (it depends on the
type and size of elementary transducers, the operating frequency and the distance between those transducers) and
their effectiveness and sensitivity, which are higher when the surface of the elementary transducer is larger. The
operation of transducers is also significantly affected by the way they are fitted into the probe and the manner in
which electrodes are attached.
The following design principles for multielement ultrasonic probes were adopted:
a) transducers' operating frequency in a biological medium fr = 1 MHz í 2 MHz to achieve suitable depth
resolution (measurement precision) and relatively low ultrasonic wave attenuation,
b) piezoceramic transducer sizes a = 1.5 mm, b = 1.5 mm to achieve adequate scanning resolution, which is 
equal for the whole probe surface,
c) distance between the transducers d = 1 mm to allow attaching electrodes and mounting the probe in
laboratory conditions.
Due to previous experience related to the construction of a multielement ring ultrasonic probe for ultrasonic
transmission tomography applications (UTT) [6], a decision was made to construct elementary ultrasonic
transducers from SONOX P2 ceramics, the parameters of which guarantee suitable effectiveness, sensitivity and a 
short pulse attack time. Elementary transducers sized 1.5 x 1.5 mm were cut from SONOX P2 ceramics plates sized
17.8 x 9.6 x 1 mm. The operation was performed using a diamond saw, which allowed achieving the required
dimensions of the elementary transducers with the least possible material loss. From among the produced collection
of piezoelectric plates those were selected that differed the least in the area of electromechanical parameters. After
numerous experiments related to developing a method of mounting the elementary transducers and a way to excite
them it was concluded that attaching signal cable through soldering is not possible in laboratory conditions in case 
of such small transducers because the solder surface significantly overloads the transducer and attenuates its
vibration. This construction method requires the use of complex and precise microscope soldering technologies. In
order to properly attach the signal cable to the active surface of the elementary transducer it essential to make sure
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that the contact area between the two is as small as possible. Butt joint seems to be the most effective solution. A
model of a 16-element ultrasonic probe was built in order to test the above described design (Fig.2).
(a) End view. (b) Top view.
Fig.2 A complete model of a 16-element ultrasonic probe.
In order to secure precise transducer mount a matrix was used made of 0.8 mm thick engraving laminate with
slots for elementary transducers laser cut with accuracy of 10 μm (Fig.3a). The rear side of the transducers (ground)
were glued with a conducting adhesive to properly etched traces of a printed circuit board (Fig.3b, Fig.3c). The 
matching layer, which additionally functions as isolation, was made by spraying suitable varnish and silicon over the
probe's surface. Similar method was used to develop a pair of 512-element sending-receiving probes for biological
structures visualization by means of ultrasonic projection in orthogonal projection (Fig.1), one of which was to
function as a source and the other as a detector (Fig.4).
(a) Transducer fastening mesh. (b) Front of PCB base. (c) Back of PCB basse. 
Fig.3 View of the 16-element ultrasonic probe construction parts.
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Fig.4 View of the constructed 512-element probe.
2.2. Electromechanical properties
Precise measurements of electromechanical properties of the elementary transducers of the constructed probe
performed using a HP 3589A network analyser, showed occurrence of three resonance frequencies fr1 § 1 MHz, fr2 §
1.8 MHz and fr3 § 2 MHz. The reason for so many resonances occurring is the adopted method of mounting the
transducers with a conducting adhesive to the correct circuit board traces, with no rear attenuating layer. Fig.6 shows
amplitude-phase characteristics for an elementary ultrasonic transducer of the developed probe determined on the
basis of measured conductance (Fig.5a) and susceptance (Fig.5b) values.
(a) Conductance. (b) Susceptance.
Fig.5 Conductance and susceptance in relation to frequency, measured for an elementary transducer of the developed multielement probe.
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Fig.6  Admittance amplitude-phase characteristics for an elementary transducer of the developed multielement probe.
On the basis of the parameters obtained from characteristics presented in Fig.5 and Fig.6 a simplified equivalent
circuit for an elementary transducer of the developed multielement probe was determined in the resonance fr1 = 1.1
MHz and fr2 = 2.1 MHz (Fig.7, Fig.8).
Fig.7 Simplified equivalent circuit for an elementary transducer of the developed multielement probe
for fr1 = 1.1 MHz (quality factor Qm § 6, efficiency Șea § 51%).
Fig.8 Simplified equivalent circuit for an elementary transducer of the developed multielement probe
for fr1 = 2.1 MHz (quality factor Qm § 4, efficiency Șea § 18%).
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2.3. Hydroacoustic measurements
Test hydroacoustic measurements of the constructed probe were performed using a HPM05/2 Precision Acoustics
needle hydrophone with 0.5 mm diameter and 250 nV/Pa sensitivity in a tank filled with distilled water. A block
diagram of the measurement system is shown in Fig.9. 
Fig.9 A block diagram of the system used for hydroacoustic measurements of the probe.
Near field of an elementary transducer of the probe submerged in water determined using the following formula:
,35.0
2
O
alo   (1)
is lo(fr1) § 0.6 mm and lo(fr2) § 1.1 mm. The elementary transducers of the constructed probe were excited with burst
type pulses, the length of which was 10 cycles, amplitude was 20 V peak-to-peak and frequency was appropriately
fr1 = 1.1 MHz and fr2 = 2.1 MHz. The total gain in the receiving system was 40 dB. Fig.10 shows pulses recorded
using an oscilloscope, while one of the elementary transducer of the probe submerged in water was excited and the
distance between the transducer and the hydrophone was d = 2.5 cm.
Acoustic pressure generated in water by the elementary transducer of the constructed probe after it was excited
with burst type pulses (10 cycles, 20Vpp) measured for the distance of d = 2.5 cm was about 15 kPa for fr1 = 1.1
MHz and about 8 kPa for fr2 = 2.1 MHz, which in relation to 1 μPa gives appropriately 197 dB and 192 dB levels of
pressure in water.
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 (a) For fr1 = 1.1 MHz. (b) For fr2 = 2.1 MHz.
Fig.10  Pulses generated by the elementary transducers of the constructed probe submerged in water.
Fig.11 shows changes in the acoustic field generated in water by the elementary transducer of the developed
probe, measured along a line parallel to its surface and cutting across its axis of symmetry for fr1 = 1.1 MHz and fr2 = 
2.1 MHz.
Fig.11 Changes in the acoustic field generated in water by the elementary transducer of the developed probe,
measured along a line parallel to its surface and cutting across its axis of symmetry.
Fig.12 shows changes in the acoustic field generated in water by the elementary transducer of the developed
probe, measured along its axis of symmetry for fr2 = 2.1 MHz. 
Fig.12  Changes in the acoustic field generated in water by the elementary transducer of the developed probe (fr = 2.1 MHz),
measured along its axis of symmetry.
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3. Conclusions 
The designed method of attaching electrodes to elementary transducers of the probe, in which the contact surface 
of the cable and transducer is small, allows minimisation of piezoceramic plate's vibration attenuation in comparison 
to soldering technique. 
Measurement results suggest that the developed multielement ultrasonic probe intended for biological media 
visualization by means of ultrasonic projection allows operation at 1.1 MHz or 2.1 MHz frequency, which makes it 
possible retain projection accuracy while attempting to visualise structures causing height attenuation. The 
efficiency of elementary transducers operating at 1.1 MHz frequency is about 50% and at 2.1 MHz frequency is over 
2 times lower. Quality factor of the transducers is lower for higher frequency, which allows achieving very short 
attack time of the pulse generated in a biological medium. This has a significant influence on the precision of 
projection imaging of ultrasonic wave propagation velocity. 
Measurements of acoustic field in water show little asymmetry of the characteristics of directivity of elementary 
transducers, which can be caused by the influence of cables (functioning as positive electrodes) situated near the 
surface of the transducers and by possible inaccurate positioning of the hydrophone in relation to the surface of the 
tested transducer. It should not, however, substantially increase the scope of imaging error in case of visualisation of 
biological media with refraction index (n = cwater / cstructure) close to unity (e.g. tissue) [8,9]. 
The effectiveness of elementary transducer at the distance of 2.5 cm from the surface can be estimated on the 
average to be about 750 Pa/V for fr1 = 1.1 MHz and about 400 Pa/V for fr1 = 2.1 MHz. 
In general, the results obtained confirm that the designed probes are suitable for projection imaging of biological 
media (especially soft tissue) with the use of scanning method through switching of the right pairs of sending and 
receiving elementary transducers. 
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